Background. We tested the hypothesis that schizophrenia is primarily a frontostriatal disorder by examining executive function in first-episode patients. Previous studies have shown either equal decrements in many cognitive domains or specific deficits in memory. Such studies have grouped test results or have used few executive measures, thus, possibly losing information. We, therefore, measured a range of executive ability with tests known to be sensitive to frontal lobe function.
INTRODUCTION
The precise characterization of the neuropsychological deficits associated with schizophrenia is important for both theoretical and clinical reasons. For example, the delineation of aberrant cognitive processes will contribute to an understanding of the neurobiological basis of the disorder and also to the planning of rehabilitation aimed at reducing the long-term social consequences of the illness. Thus, the neuropsychological deficits associated with schizophrenia have been investigated extensively (see Levin et al. 1989 ; . Several studies have described global performance deficits (e.g. Kolb & Wishaw, 1983 ; Liddle & Crow, 1984 ; Braff et al. 1991) . Others have shown selective deficits over and above general impairment but opinion is divided as to whether this concerns executive function (Shallice et al. 1991 ; Morrison-Stewart et al. 1992 ; or memory (Saykin et al. 1991 ; Gold et al. 1992 ; Tamlyn et al. 1992) . One possible reason for these discrepancies is the heterogeneity of chronic schizophrenic patients who vary in illness duration. To circumvent this possible confusion, studies have examined patients presenting with their first psychotic episode (Bilder et al. 1992 ; Hoff et al. 1992 ; Saykin et al. 1994 ; Rubin et al. 1995 ; Albus et al. 1996) . Unfortunately, these results have mirrored those with chronic schizophrenia in that both uniform (Bilder et al. 1992 ; Hoff et al. 1992) and specific (Saykin et al. 1994 ; Rubin et al. 1995 ; Albus et al. 1996) deficits have been found. One explanation of why there is no consensus as to the critical cognitive deficits concerns the methodology employed in these studies. Large batteries of clinical tests measuring a wide range of neuropsychological functions have been used and many have additionally derived global indices of function thereby possibly losing important information. In the present study, we used a different approach by selecting only a few tests and decomposing performance to elucidate fundamental cognitive abnormalities. We adopted the hypothesis that cognitive deficits in schizophrenia are due to frontostriatal dysfunction (Robbins, 1990) and therefore focused on tests of executive function, although memory tests were included for comparison. Thirty firstepisode schizophrenic patients who had been receiving medication for a few weeks only were studied. We chose to test the patients once the acute symptoms had abated with medication to allow testing of as representative a sample of the population as possible, including patients who were unable to cooperate when unmedicated due to the severity of their symptoms.
METHOD Subjects
Thirty patients with DSM-IV schizophreniform disorder or schizophrenia presenting for the first time to the psychiatric services of two National Health Trusts in West London were studied. They were recruited during the first year of an ongoing longitudinal study into the neurobiology of first-episode schizophrenia. All but two patients were tested while taking antipsychotic medications at a time when they were able to cooperate with testing as judged by their clinician. Twenty-two patients were tested within 8 weeks of starting medication and six within 6 months. The 30 control subjects were healthy volunteers living in the same community.
Neuropsychological tests
All subjects were administered the National Adult Reading Test (NART, Nelson, 1976) to determine pre-morbid IQ for group matching. Several traditional neuropsychological tests were employed to enable direct comparison with other first-episode studies : letter (FAS) and category (animals, occupations, fruits) fluency in which words are produced for each exemplar in 60 seconds ; two subtests of the Wechsler Memory Scale-Revised (Wechsler, 1987) , Logical Memory, requiring recall of two short stories, and Paired Associate Learning, requiring the learning of eight word pairs -four easy (e.g. Baby-Cries) and four difficult (e.g. CrushDark). Subtests of the Cambridge Neuropsychological Test Automated Battery (CANTAB), a series of computerized tests run on an IBM compatible PC with a touch sensitive screen (Sahakian & Owen, 1992) , were also administered. (Owen et al. 1990) This is a measure of a subject's ability to remember the order in which a sequence of squares, increasing in number, are highlighted on the screen. (Sahakian et al. 1988) In the spatial recognition task, five identical squares are presented in series each in a different location. One square is then presented at each target location along with a square at a novel location. Subjects are asked to touch the square at the location they recognize from the learning phase. There are three further trials at different locations. In the pattern recognition test, 12 abstract visual stimuli are presented sequentially on the screen. Each stimulus is then presented with a novel stimulus and the subject is asked to touch the familiar stimulus. This is repeated with 12 different stimuli. (Owen et al. 1990) Subjects are required to search through a number of boxes for hidden tokens. Trials differ in difficulty according to the number of boxes (3, 4, 6 and 8). On each trial only one box contains a token. The key instruction is that once a token has been found, that box will not be used to hide a token again. There are two types of error. A subject might return to open a box in which a token has already been found -a between-search error reflecting memory for token location. A subject might also return to a box already opened in the same search sequence -a withinsearch error reflecting memory for recent responses. An efficient strategy for performing this task is to follow a predetermined search sequence, beginning with one box and returning to start each new search with that box after a token has been found. A measure was taken of the use of this strategy by counting the number of search sequences starting with the same box at the 6-and 8-box stages.
Spatial span

Spatial and pattern recognition memory
Spatial working memory
Planning (Owen et al. 1990) This is a modification of the Tower of London task (Shallice, 1982) . Subjects are required to move coloured ' balls ' in an arrangement displayed on the bottom half of the screen to match a goal arrangement displayed on the top half of the screen. Problems differ in difficulty by requiring a minimum of 2, 3, 4 or 5 moves. Subjects are asked to study the position of the balls and attempt the solution in the minimum number of moves. For each problem a yoked control condition is employed to provide measures of motor initiation and motor execution times. Here subjects follow a sequence of single moves executed by the computer in the top half of the screen, by moving the corresponding ball in the bottom half of the screen. Accuracy measures were : (i) problems solved in the minimum number of moves (perfect solutions) ; (ii) mean number of moves above the minimum possible (excess moves) ; and (iii) problems solved within the maximum permitted number of moves. Performance latency measures were : (i) initial thinking time, derived by subtracting the time taken to complete the first move of each problem during the control phase from that of the planning phase ; and (ii) subsequent thinking time per move, derived by subtracting the time to complete the task after the first move during the control phase from that of the planning phase, divided by the number of moves taken for each problem. In the rare cases where the calculations resulted in negative values, they were replaced by zero.
Attentional set shifting (Owen et al. 1991) Using feedback provided by the computer, subjects are required to learn a series of visual discriminations in which one of two stimulus dimensions is correct or relevant and the other is not. At two critical points subjects are required first to maintain attention to different examples within the same dimension (intradimensional shift -IDS) and then to shift attention to the previously irrelevant dimension (extra-dimensional shift -EDS). For each stage, continuation on to the next stage is dependent on six successive correct responses being made. If this criterion is not reached after 50 trials the test is terminated automatically by the computer.
Statistical analysis
Latency data were log transformed to reduce skew. Analysis of variance (ANOVA) was performed using the Statistical Program for Social Sciences (SPSS). For most of the test variables the ANOVA model was a mixed twofactor design, with group as the between-subject factor, and difficulty level as the within-subject factor. For the attentional set shifting task, the numbers of subjects and controls passing or failing each stage were cast into contingency tables, and analysed using a likelihood ratio method (Kullback, 1959 ; Robbins, 1977) . The resulting 2i statistic is distributed as chi-squared. Table 1 shows the characteristics of the two groups. As the gender distribution was not even, preliminary analyses were performed on the control data to determine whether there were any detectable gender differences in performance. This was negative in line with other reports of no, or relatively few, gender effects on neuropsychological performance (Lezak, 1983 ; Robbins et al. 1994 ; Anon, 1996) . Fourteen patients were receiving regular anticholinergics (13) or benzodiazepines (1) in addition to antipsychotics. Since these drugs can affect cognitive function (see King & Green, 1996) , these patients were compared with the rest on test performance. No differences were found and the patient data were pooled.
RESULTS
Subjects
Spatial span, pattern and spatial recognition memory Spatial span was mildly but significantly reduced in the schizophrenic group (Table 2 , t(58) l 2n67, P l 0n01). For pattern and spatial recognition memory, scores were available for 27 controls and 29 patients. Table 2 shows that schizophrenic patients were significantly worse than controls for both pattern (t(54) l 2n16, P 0n05), and spatial (t(54) l 3n16, P 0n01) recognition. There were no differences in latency.
Spatial working memory
Within-search errors were negligible. The patient group made significantly more between-search errors than controls (Fig. 1, F (1, 58) l 19n34, P 0n001). There was a significant interaction between difficulty and group (F(3, 174) l 10n28, P 0n01) patients making more errors only at 6 and 8 box levels (F(1, 58) l 17n41 and 12n91, P 0n001). Table 2 shows the strategy scores ; a higher score represents poorer strategy use. Patients used this strategy less than controls (t(58) lk5n32, P 0n001). For both groups, strategy score correlated with the number of errors combined for 6-and 8-box stages (patients, r l 0n73, P 0n01 ; controls, r l 0n68, P 0n01). The contribution of memory span to performance was assessed by correlating spatial span score with between-search errors. This was significant only for the patient group (patients, r lk0n44, P 0n05 ; controls, r l 0n05, NS). The relative contribution of spatial span and strategy score to performance was assessed with analyses of covariance. Covarying strategy, there was no significant difference in errors between the two groups (F(1, 57) l 0n35). Covarying span, the main effect of group remained (F(1, 57) l 12n37, P 0n05). In other words, the differences in errors are accounted for by the differences between the two groups in their use of the search strategy rather in than their shortterm memory capacity as measured by spatial span.
Planning
The patients achieved fewer perfect solutions (Fig. 2 a) than controls (F(1, 58) l 25n9, P 0n01). A significant interaction (F(3, 174) l 12n1, P 0n01) and main effects analysis revealed that this was specifically at the 3-and 5-move stages (F(1, 58) l 12n92 and 31n54, P 0n01). The patients also solved fewer problems within the maximum permitted moves (Table 2 , F(1, 58) l 7n07, P 0n05). A significant interaction (F(3, 174) l 2n91, P 0n05), and main effects analysis showed that they were specifically impaired at the 4-and 5-move stages (F(1, 58) l 4n18 and 8n17, P 0n05). The patients made more excess moves per solution (F(1, 58) l 19n41, P 0n01). A significant interaction (F(3, 174) l 9n01, P 0n01) and main effects analysis showed that this was also at the 3-and 5-move stages (F(1, 58) l 14n3 and 17n5, P 0n01). These findings remained when analysed for only problems solved correctly (group, F(1, 58) l 17n63, P 0n01 ; group by difficulty, F(3, 174) l 12n93, P 0n01). In summary patients were impaired on each performance measure : they solved fewer problems and even when they solved the problem, they took more moves to do so. Correlations performed to examine the relationship between spatial span and planning (excess moves) were not significant (patients, r lk0n30, NS ; controls, r l 0n12, NS). Schizophrenic patients were significantly slower than controls for both motor initiation times and motor execution times (F(1, 58) l 11n1 and 5n64, P 0n05). Taking these into account, the patients spent less time planning solutions for the problems requiring 4 or 5 moves than controls ( Fig. 2 b : group, F(1, 58) l 14n63, P 0n01 ; groupidifficulty, F(3, 174) l 2n89, P 0n05 ; level 4 main effect, F(1, 58) l 4n11, P 0n05 ; level 5 main effect, F(1, 58) l 8n12, P 0n05). Fig. 2 c shows that subsequent thinking times per move were slower in the patients than in the control group across all levels of difficulty (F(1, 58) l 4n37, P 0n05).
To investigate the relationship between latency and accuracy, initial and subsequent thinking times were calculated only for those problems solved perfectly, and for all problems solved within the maximum number of moves. The patients still showed decreased initial thinking times for problems solved perfectly (F(1, 47) l 19n58, P 0n01) and all problems solved (F(1, 58) l 13n59, P 0n01). Subsequent thinking times were increased for solutions made within the maximum number of moves (F(1, 58) l 4n11, P 0n05) but not for perfect solutions (F(1, 47) l 0n88, NS).
Attentional set shifting test
The percentage of patients and controls passing each stage is shown in Fig. 3 . The control subjects completed all stages. Only at the EDS stage did more schizophrenic patients fail than controls (2i l 5n85, P 0n05). For subjects who completed all stages, the number of errors made at the IDS and EDS stages were compared with an ANOVA (factors : group, stage). The patients made more errors before reaching criterion than controls (group, F(1, 52) l 5n33, P 0n05). The interaction was not significant (F(1, 52) l 0n41) indicating that there was no disproportional impairment at the EDS stage. Comparisons between the six schizophrenic patients who failed the test and the successful 24 revealed no differences on the other tests.
Verbal fluency
Data were available from 25 patients and 25 controls. The patients were impaired on both letter and category fluency ( Table 2 , t(48) l 5n40 and 6n56, P 0n001).
Weschler Memory Scale Revised subtests
Data were available from 27 patients and 27 controls. The patients were impaired on logical memory and paired associate learning (Table 2) but were more impaired on difficult than easy paired associates (group, F(1, 50) l 20n07, P 0n01 ; group by difficulty, F(1, 50) l 17n02, P 0n01).
Profile of neuropsychological impairment
To examine whether there were any specific cognitive deficits within this general pattern of poor performance, the scores of the schizophrenic patients were converted into standardized Z scores based on the performance of the control group (Fig. 4) . The following measures were used : spatial span ; pattern and spatial recognition memory ; planning -number of minimum move solutions ; spatial working memory -combined number of between-search errors at the 6-and 8-box stages ; attentional set shifting -combined average number of errors to criterion at IDS and EDS stages for subjects passing the stage ; logical memory score ; associate learning scores for easy and difficult pairs ; combined score for letter and category fluency.
The mean performance of the schizophrenic group fell below that of control performance on every measure. An ANOVA was used with group as a between-subjects factor and test score as a within-subjects factor, to determine whether there were significant differences in performance across the tests (Saykin et al. 1991) . A significant main effect of group (F(1, 41) l 40n97, P 0n001) confirmed that the patients were generally impaired relative to controls. Performance on five tasks fell within one standard deviation of control performance : spatial span, pattern and spatial recognition memory, easy paired associate learning and attentional set shift errors. Performance on the remaining five tasks was 1n5 or more standard deviation from control performance. A significant interaction confirmed that the degree of impairment was not uniform across tests (F(9, 369) l 3n77, P 0n001). Within-subject contrasts were used to compare each neuropsychological function with the mean of the remaining functions to determine the degree of impairment on each test. With type I errors controlled by the Bonferroni procedure, performance on the difficult paired associate learning was significantly more impaired than per-formance generally (t lk3n44, P 0n001) and performance on the attentional set shifting task was less impaired (t l 3n25, P 0n001).
DISCUSSION
We compared 30 first-episode schizophrenic patients with 30 normal volunteers matched for age and pre-morbid IQ on tests selected primarily to assess executive function, although memory tests were also included for comparison. The finding of impaired performance on all tests has been reported in previous first-episode studies (Bilder et al. 1992 ; Hoff et al. 1992 ; Saykin et al. 1994 ; Rubin et al. 1995 ; Albus et al. 1996) . However, in contradistinction to these studies, we found that schizophrenic patients have severe impairments of executive function at the onset of the illness. Further, executive impairment was not uniform across all measures and was particularly evident for planning ability and strategy use. On the planning test, the patients were impaired on all performance measures : total solutions, perfect solutions and excess moves. In addition, after the slower initial and subsequent movement times were taken into account to yield measures of thinking time, the patients were faster than controls to initiate the harder problems but slower to complete the problems. One interpretation is that the patients failed to consider the solutions sufficiently before attempting them and thus made more mistakes. However, this cannot be the sole explanation since they still failed more problems than controls despite spending longer completing the problems suggesting that, in addition to impulsivity, they had difficulty in monitoring their moves and redressing their errors.
In this task subjects need to retain a planned sequence of moves in memory while executing the task -an attribute of working memory. Schizophrenic subjects had shorter spatial spans suggesting that they have difficulty in maintaining a sequence of moves in memory over a short period of time. However, there was no evidence that this contributed to poor performance on the planning task. First, the correlation between spatial span and excess moves was not significant. Secondly, the deficit on spatial span was not marked and the patients were able to remember a sequence of five moves, which is the maximum required for the planning task. Thus, it appears that the deficit on this task was the inability to plan a correct sequence of moves.
It is unlikely that these results reflect antipsychotic medication because patients with mild Parkinson's disease, whose primary deficit is dopaminergic underactivity, show normal accuracy, increased initial thinking times and normal subsequent thinking times . Rather, schizophrenic group performance is a more extreme version of patients with frontal lobe resections (Owen et al. 1990) , who show increased subsequent thinking times, obtain fewer perfect solutions and make more excess moves suggesting that they also attempt the problems before they have been fully planned. The conclusion that our results may reflect a specific abnormality of frontal lobe function is supported by the finding that patients with temporal lobe resections are unimpaired on this task (Owen et al. 1995) . The slow movement times in the patient group is a non-specific finding because patients with frontal lobe resections, temporal lobe resections and Parkinson's disease also show this despite having different profiles of performance.
The patients were also impaired on the spatial working memory test. They made more betweensearch errors, indicating that they had difficulty keeping track of the boxes which had already contained a token while they searched for a new token. The use of a search strategy has been shown to aid performance on this task (Robbins, 1996) . Indeed, a measure of strategy correlated highly with between-search errors for both groups. However, the patients were markedly deficient in their use of this strategy, suggesting that this resulted in their poor performance. This is supported by the finding that the difference between the groups disappeared when strategy score was covaried with errors. Perhaps because they were unable to adopt a strategy, the schizophrenic group appeared to rely more on spatial short-term memory than controls, since spatial span correlated with errors in patients but not controls. The performance of the schizophrenic group resembles that of frontal lobe resection patients who also fail the task because they do not adequately utilize a search strategy (Owen et al. 1990 ). The neuroanatomical specificity of this performance profile is also demonstrated by the fact that patients with temporal lobe excisions, Parkinson's disease and Alzheimer's disease also make more betweensearch errors but only frontal patients have a deficiency in strategy use (Owen et al. 1990 (Owen et al. , 1995 Sahgal et al. 1992) .
The attentional set-shifting task also measures executive function, mainly at the extradimensional shift (EDS) stage which is analogous to the attentional shift involved in the Wisconsin Card Sorting Task (WCST). At this stage, subjects must inhibit a previously reinforced response to one dimension and switch attention to a newly reinforced dimension. While significantly more patients failed at this stage than controls, the surprising thing was that most patients (80 %) completed the entire task. An analysis of trials to criterion for those successfully completing both intradimensional shift (IDS) and EDS stages showed that the schizophrenic patients took more trials at each stage but were not more impaired at the EDS stage. Thus, the patients had difficulty adjusting to novel exemplars but were able to learn both shifts of rule equally, although one required an attentional shift in dimension and the other did not. Thus, it cannot be concluded that patients in the early stages of schizophrenia have an executive dysfunction of the type measured by this test. The Z score comparison confirmed that performance on the attentional set shifting task was relatively preserved in the schizophrenic group.
Patients with frontal resections (but not temporal resections) are impaired on the attentional set shifting task specifically at the EDS stage (Owen et al. 1991) . Thus, the executive dysfunction of first-episode schizophrenic patients is more specific than that of patients with frontal lobe lesions : they are more impaired on the planning task, similarly impaired on the spatial working memory task because of poor strategy use and less impaired on the attentional set shifting task. The differential performance on these frontal tasks in the schizophrenic patients can be explained by the different demands of the tests. The common requirement of the planning and spatial working memory tasks is the ability to initiate and monitor plans and strategies. The set shifting task requires the ability to inhibit a prepotent response and shift attention with little requirement for planning and response sequencing. Thus, it appears that patients early in the course of schizophrenia have particular executive difficulties in planning and strategy use. This specific type of executive dysfunction might also explain the poor performance of the patient group on the verbal fluency tasks since the verbal fluency impairment in schizophrenia is also due to an inability to initiate a strategic search of semantic store (Allen et al. 1993 ; McKenna et al. 1994 ; Joyce et al. 1996) .
These findings are important for the current understanding of cognitive dysfunction in schizophrenia for several reasons. First, they distinguish first-episode patients from chronic schizophrenic patients since the latter have difficulties with the WCST (see Levin et al. 1989 ; and are more impaired on the CANTAB attentional set shifting task than on the planning and spatial working memory tasks (Elliott et al. , 1997 Pantelis et al. 1997) . Thus, it appears that the nature of the executive impairment changes over the course of the illness. Secondly, they explain why the previous first-episode studies have failed to demonstrate significant executive dysfunction. These studies have employed the WCST as the test of executive function and, on the basis of our attentional set shifting results, we would not expect performance on this test to be severely impaired. Thus, these studies are not strictly comparable to ours as they did not use tests of executive function which measure planning ability and strategy use. Thirdly, they may have implications for the neuropathological specificity of frontal lobe dysfunction at the onset of schizophrenia. For example, functional imaging studies have shown that a neural network involving the dorsolateral prefrontal cortex and parietal cortex mediates the planning task (Baker et al. 1996) whereas additional areas, including orbitofrontal and temporal cortex, are activated during WCST performance (Berman et al. 1995) , suggesting that planning and set shifting are mediated by different neural networks, perhaps involving different frontal areas.
Our patients also failed on memory tests, suggesting that their deficits are not restricted to planning and strategy formation. This finding accords with other studies of schizophrenia which have demonstrated memory deficits in both chronic (e.g. Gold et al. 1992 ; Tamlyn et al. 1992 ) and first episode (Saykin et al. 1994) schizophrenia. However, as with the executive tests, performance was not uniform. The patients were much less impaired on recognition memory and easy paired associate learning, scoring within one standard deviation of control performance, than free recall of a story and difficult paired-associate learning. Indeed, the latter was the most severely affected measure on the Z score analysis. Superior recognition than free recall can be attributed to executive dysfunction rather than to a fundamental memory problem since free recall requires more strategic processing to aid learning and recall (see Parkin & Leng, 1993) . This may also explain the discrepant performance on easy and difficult pairedassociate learning. Furthermore, studies which have manipulated encoding and recall strategies suggest that schizophrenic patients do not routinely implement efficient encoding and retrieval strategies (Koh, 1978 ; Traupman, 1980 ; McClain, 1983 ; Goldberg et al. 1989) . A different explanation is that the tests vary in the amount of cognitive effort required, and the schizophrenic group simply performed better on the easier tasks. Our current data do not permit an analysis to distinguish these possibilities. It is unlikely, however, that differences in task difficulty explain our executive data. The attentional set shifting task is not an inherently easier task than the planning or spatial working memory task. Further, studies of different patients have shown that performance of the attentional set shifting task can be more impaired than that of the other executive tasks (Lawrence et al. 1996) suggesting that it is the nature of the task in relation to the underlying neuropathology which determines performance. This study was supported by Wellcome Trust project grant 04025.
